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Predictive Simulation Model of Bead Shape and Temperature Distribution
during Temper Bead Welding
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In this study, a predictive simulation model coupling weld bead formation and thermal conduction was
developed for construction of the method of predicting or evaluating the temperature distribution during temper
bead welding. Welding parameters used in the analysis were estimated from experimental welding conditions
based on the thermal conduction theory and numerical simulations of previous works. The simulation results
were compared with the experimental results under the same welding conditions to confirm the usefulness of
the developed numerical model. Except for the weld penetration shape, the analytical results of the bead surface
shape and the temperature distribution, such as the A, lines, were in good agreement with the experimental
results. The developed model has the potential to be effective and more precise in predicting and evaluating
properties such as the metallographic structure and the hardness of the HAZ during temper bead welding.
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Welding

in experiment
v: Welding speed, I: Welding current, V: Arc Voltage V- Wire sending speed
Shielding gas: Ar, L: Arc length
}

D: Diameter of wire

|

|

|

| Based on thermal conduction theory or arc plasma simulation

(Developed model

‘ q: Weld heat input P: Arc pressure

ENe\ding parameters in numerical ana\ysis:l_

V,.: Quantity of welding wires

==

R,: Weld bead formation area;

N

Thermal conduction calculation

Update the position of the
heat source with the welding
speed v

Calculate temperature field
by solving Eq. (1)

K Output temperature field

Apply heat g to the welded plate

Decide the position of weld
bead formation area based on
the position of heat source

Add or delete elements based
on the bead surface shape

Decide the position of
weld bead formation area

Calculate bead surface shape
by solving Eq. (2)

Output bead surface shape

Fig. 1 Flow of numerical calculation.
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Fig. 2 Configuration of plate to be welded.

Table 1 Chemical compositions of materials used (mass%).

Material C Si Mn P S Ni Cu Cr Mo Al Fe Ti Co
A533B 0.12 0.26 1.43 | 0.006 | 0.002 | 0.53 0.02 0.01 0.51 | 0.038 | Bal. - -
Alloy 690 0.02 0.15 0.27 |0.0021|0.0009 | Bal. - 29.59 | 0.02 | 0.216 | 10.13 | 0.405 | 0.05
Table 2 Welding conditions.
Layer Number of Welding current, | Arc Voltage, |Welding speed, | Wire sending speed, | Heat input, |Diameter of wire,
number weld passes 1TA] V[V] v [em/min] Vi [cm/min] Qua [J/ecm] D [mm]
1 3 250 14.5 20 300 10875 0.9
2 5 120 125 30 150 3000 0.9
3 4 120 12.5 30 150 3000 0.9
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Fig. 3 Material properties used in numerical analysis.
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Table 3 Calculated supply rates of deposited metal.

Layer Vi [cm/min] D [mm] V.. [mm?/s]
1 300 0.9 31.8
2,3 150 0.9 15.9
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Fig. 4 Temperature rise in cross section.
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Table 5 Estimated weld heat input properties.

Layer Gt [J/8] Goiate [J/8] Guie [J/8]
1 2150 1685 465
2,3 930 698 232
50
o /=120 (A)
N’E‘ L n 50 (A)
E 40|
AT
53 [ =
~ 30 L
=] C
E Lo
§ 20 -‘ u .
~5 L ... ° |
— r o | |
g 10 °e " [
o 3 ®e, "n
& L ‘e 0o Un
oLl 1,1 PCccslEnmRENESY
0 2 4 6 8 10

Radius, R (mm)

(& W )2/3
Fig. 5 Relationship between bead width and welding Fig. 6 Distribution of weld heat input provided to welded
condition. plate.
Table 4 Welding conditions for measuring bead width.
c Welding current, | Arc Voltage, |Welding speed, | Wire sending speed, | Heat input, [Diameter of wire,
ase
11A] V[V] v [cm/min] Vi [cm/min] q[Jrs] D [mm]
1 120 13.2 30 90 970 0.9
2 200 15.2 30 160 1678 0.9
3 200 15.7 20 150 1688 0.9
4 250 16.7 20 220 2187 0.9
5 140 13.2 30 110 1113 0.9
6 180 14.7 30 130 1499 0.9




(c) Experimental result of first layer
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(d) Experimental result of third layer

Fig.8 Comparison of A line and weld bead shape between analytical and experimental results.
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Fig. 7 Distribution of arc pressure provided to welded plate.
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